K awasaki disease (KD)
3 is an acute systemic vasculitis that primarily affects infants and young children (1, 2) . Although KD is, in most cases, a self-limited illness, resolving within a few weeks after fever onset, it preferentially affects coronary arteries, and without appropriate intervention, 15-25% of patients will develop coronary aneurysms or dilatation (3, 4) . Intravenous infusion of high dose Ig (IVIG) was demonstrated to effectively reduce systemic inflammation and the incidence of coronary artery lesions (5, 6) . However, the precise mechanisms underlying the effects of IVIG therapy in KD are unknown. Moreover, ϳ15% of KD patients are not responsive to this therapy and must be given additional IVIG or immunosuppressive regimens, such as methylprednisone pulse therapy (7, 8) . Because the incidence of KD in the Japanese population has increased from 88 to 140 per 100,000 children under 5 years of age in the 10 years since 1994, and the proportion of patients treated with IVIG now exceeds 85% in Japan (9) , it is imperative that we clarify the mechanisms of action of IVIG therapy in KD.
IVIG therapy was first introduced in children with idiopathic thrombocytopenic purpura (ITP) by Imbach et al. in 1981 (10) . Since then, it has been used for the treatment of various autoimmune diseases, such as vasculitis, Guillain-Barre syndrome, and dermatomyositis (11) (12) (13) . In KD patients, IVIG was first reported by Furusho et al. in 1984 (5) to effectively reduce the incidence of coronary artery lesions. Subsequently, a single high dose Ig (2 g/kg body weight) infusion was shown to be more effective in reducing inflammation and fever than administration of the same dose divided over several days (6) . In responsive patients, the serum levels of a variety of inflammatory mediators, such as cytokines (IL-1␤, IL-6, and TNF-␣) and chemokines (MCP-1, IL-8, and MIP-1) as well as acute inflammatory proteins (C-reactive peptide (CRP) and haptoglobin) are reportedly decreased after IVIG therapy (14 -16) . Spontaneous Ig synthesis by PBMC was also reported to be reduced after IVIG (17) . These findings indicate that the effects of IVIG in KD are mediated mainly by robust suppression of activated immune cells in the peripheral circulation. Ichiyama recently reported that IVIG preparation inhibited TNF-␣-induced NF-B activation in cultured monocytic cells (18) . However, which cell population is directly affected by IVIG remains to be clarified. Whether the suppressive effect is mediated though direct binding of Ig to cell surface receptors or through the neutralization or blockade of cytokine receptor pathways is also unknown.
With the development of DNA microarray technologies and functional genomics, we can now monitor the levels of Ͼ20,000 transcripts from a limited number of immune cells, allowing study of complex biological responses occurring in affected children (19) . This method appears to be especially useful for investigating the unknown molecular phenomena associated with the administration of certain pharmaceutical agents, such as IVIG. In this study we attempted to analyze gene expression profiles in PBMC and purified monocytes to reveal which cell population and which transcripts are more affected by IVIG therapy in KD patients. We also investigated whether changes in gene expression are related to the therapeutic effects of IVIG and the clinical course of KD in our patients.
Materials and Methods

Patients
We studied 46 Japanese acute KD patients (age range, 2-76 mo; median, 19.5 mo) between April 2002 and March 2004. Eight patients (four boys and four girls) were treated at Hachiouji Metropolitan Children's Hospital, 15 patients (eight boys and seven girls) were treated at Chiba University Hospitals, and 23 patients (10 boys and 13 girls) were treated at KaihinChiba Municipal Hospital. All patients were diagnosed according to the guidelines established by the Kawasaki disease research committee in Japan. All patients were given IVIG therapy (1.0 g/kg for 1-2 days or 400 mg/kg for 4 -6 days) and oral aspirin (10 -30 mg/kg daily). Abnormal cardiac function and coronary artery lesions were monitored by two-dimensional echocardiography during the acute and convalescent phases of the disease. Two patients had transient mitral valve regurgitation and tricuspid valve regurgitation before IVIG, and four patients (8.3%) developed coronary aneurysms 1 mo after onset of the disease.
Venous blood was drawn from each patient before IVIG treatment (2-9 d after the onset of fever, median, 5 d) and within 7 days after completion of IVIG therapy (7-19 d after fever onset, median, 12 d). Twenty control blood samples were obtained from age-matched control patients (10 boys and 10 girls; age range, 1-78 mo; median, 10.5 mo) who had been febrile (body temperature Ͼ38°C) for at least 3 d. Their clinical diagnoses were acute upper respiratory infection (10), toxic shock syndrome-like exanthematous disease (3), cervical lymphadenitis (2), staphylococcal scalded skin syndrome (2), pneumonia (2), and enterocolitis (1). Informed consent was obtained from the patients' parents according to the guidelines of each medical center.
Isolation of PBMC and enrichment of monocytes and lymphocytes
Human PBMC were isolated by centrifugation on a Ficoll-Paque Plus (Amersham Biosciences) density gradient. Peripheral blood monocytes or T cells were separated from heparinized venous blood using a RosetteSep Monocyte or T Cell Enrichment Cocktail (StemCell Technologies) according to the manufacturer's instructions (20) . Briefly, 2 ml of heparinized blood was mixed with 20 l of 100 mM EDTA and 100 l of RosetteSep mixture containing Abs to human CD2, CD3, CD8, CD19, CD56, and CD66b for monocytes or to human CD16, CD19, CD36, and CD56 for T cells. After incubation for 20 min at room temperature, the sample was diluted with an equal volume of PBS containing 2% FBS and 1 mM EDTA and was layered on top of 4 ml of Ficoll-Paque. The tubes were then centrifuged at 2000 rpm at room temperature for 20 min. The interface between plasma and Ficoll-Paque was collected, washed, and stored in liquid nitrogen until RNA extraction. The CD14 ϩ monocytes and CD3 ϩ T cells typically represented ϳ90% and 93.5%, respectively, of the total cells on flow cytometric analysis after these enrichment procedures.
Extraction of RNA and GeneChip expression analysis
Total RNA was isolated from the PBMC or monocyte-enriched fraction of PBMC using ISOGEN (Wako Pure Chemical Industries) according to the manufacturer's instructions. Gene expression was examined using the human genome U133A probe array (GeneChip; Affymetrix), which contains the oligonucleotide probe set for 22,283 full-length genes and expressed sequence tags, according to the manufacturer's protocol, and previous reports (21, 22) . Five micrograms of total RNA from PBMC or 150 ng of total RNA from monocytes was used to synthesize double-stranded cDNA. The cDNA was next subjected to in vitro transcription in the presence of biotinylated nucleoside triphosphates. In the assay of monocyte RNA, two cycles of cDNA synthesis and in vitro transcription reactions were conducted to amplify target sequences. The biotinylated cRNA was hybridized with a U133A probe array for 16 h at 45°C, and the hybridized biotinylated cRNA was stained with streptavidin-PE (Molecular Probes) and then scanned with a Gene Array Scanner (Hewlett-Packard). The fluorescence intensity of each probe was quantified using a computer program, GeneChip Analysis Suite 5.0 (Affymetrix). The expression level of a single mRNA was determined as the average fluorescence intensity among the intensities obtained by 20 pairs (perfectly matched and single nucleotidemismatched) of probes consisting of 25-mer oligonucleotides. The level of gene expression was determined as the average difference (AD) using GeneChip Analysis Suite 5.0. In this program, if the intensities of mismatched probes were high, gene expression was judged to be absent even if a high AD value was obtained from that particular gene. Under these conditions, we confirmed that the expression levels of genes in the same cells, analyzed twice, showed a statistically significant correlation (r ϭ 0.997). The results of the GeneChip Analysis can be found on our web site at ͗www.nch.go.jp/imal/GeneChip/KAWASAKI.htm͘.
The data were further analyzed with GeneSpring software version 6.1 (Silicon Genetics). To normalize the staining intensity variations among the chips, the AD values for all genes on a given chip were divided by the median AD of all measurements on that chip. To eliminate changes within the range of background noise and to select the most differentially expressed genes, only probes whose AD values were judged to be present by GeneChip Analysis Suite 5.0 (Affymetrix) in at least two of four chips were included in the analysis. Hierarchical clustering analysis with standard correlation was used to identify gene clusters. The separation ratio was set at 0.5.
Quantitative real-time PCR
Total RNA was reverse transcribed to cDNA using SuperScript III reverse transcriptase (Invitrogen Life Technologies) and random hexamers (Amersham Biosciences). The PCR primers and probes were purchased from Applied Biosystems (Assays-on-Demand; Gene Expression Products) for GAPDH (assay no. Hs99999905), adrenomedullin (ADM) (Hs00181605), S100 calcium-binding protein family (S100) A8 (Hs00374264), and S100A12 (Hs00194525). The primers and probes for S100A9, CCR2, FCGR1A, FCGR3A, IL-6, IL-8, IL-10, and TNF-␣ were designed based on sequences from GenBank. Primer sequences were as follows: S100A9 forward primer, 5Ј-CCGTGGGCATCATGTTGAC-3Ј; S100A9 reverse primer, 5Ј-GGAAGGTGTTGATGATGGTCTCTA-3Ј; CCR2 forward primer, 5Ј-GCGTTTAATCACATTCGAGTGTTT-3Ј; CCR2 reverse primer, 5Ј-CC ACTGGCAAATTAGGGAACAA-3Ј; FCGR1A forward primer, 5Ј-GGT TCTTGACAACTCTGCTCCTTT-3Ј; FCGR1A reverse primer, 5Ј-TTG GAACACGCTGACCCAT-3Ј; FCGR3A forward primer, 5Ј-ATTGACGC TGCCACAGTCAAC-3Ј; FCGR3A reverse primer, 5Ј-AGCCAGCCGA TATGGACTTCT-3Ј; IL-6 forward primer, 5Ј-CCAGTACCCCCAGGA GAAGAT-3Ј; IL-6 reverse primer, 5Ј-CGTTCTGAAGAGGTGAGTG GC-3Ј; IL-8 forward primer, 5Ј-CACTGCGCCAACACAGAAATTA-3Ј; IL-8 reverse primer, 5Ј-ACTTCTCCACAACCCTCTGCAC-3Ј; IL-10 forward primer, 5Ј-TACGGCGCTGTCATCGATT-3Ј; IL-10 reverse primer, 5Ј-GGCATTCTTCACCTGCTCCA-3Ј; TNF-␣ forward primer, 5Ј-CCCT GGTATGAGCCCATCTATC-3Ј; and TNF-␣ reverse primer, 5Ј-AAAG TAGACCTGCCCAGACTCG-3Ј. PCR was conducted using the ABI 7700 sequence detector system (Applied Biosystems) in a 25-l reaction mixture containing 12.5 l of TaqMan Universal PCR Master Mix (Applied Biosystems), 1.25 l of 20ϫ Assays-on-Demand Gene Expression Assay Mixture (Applied Biosystems), or 1.25 l of a mixture of forward and reverse primers (4.0 M each) and FAM-labeled probe (2.0 M), and 11.25 l of cDNA diluted in RNase-free H 2 O. Samples were preincubated for 10 min at 95°C, then subjected to 40 cycles of amplification at 95°C for 15 s for denaturing and at 60°C for 1 min for annealing-extension. The expression of each target cDNA relative to GAPDH was calculated using a comparative Tc method described in the User Bulletin 2 provided by the manufacturer (Applied Biosystems) and was determined for each sample.
Flow cytometry
PBMC were suspended in staining solution consisting of PBS, 5% FCS, 0.02% sodium azide, and 1 mg/ml human IgG (Mitsubishi Pharma). The cells were incubated with one of the mAbs, 3G8, an Ab to human CD16, CIKM5, an Ab to human CD32, 10.1, an Ab to human CD64 (all from Caltag Laboratories), or 679.1Mc7, a mouse IgG1 isotype control (Beckman Coulter), followed by incubation with FITC-conjugated rat anti-mouse IgG1 mAb (BD Biosciences) and PE-anti-CD14 (Beckman Coulter). Fluorescence intensity was analyzed with a FACScan flow cytometer (BD Biosciences) and CellQuest software (BD Biosciences).
ELISA for S100A8/A9 heterocomplex and S100A9 homocomplex in plasma ELISA was performed using MRP8/14 ELISA (Buhlmann Laboratories) and MRP14 ELISA (Chemicon International) kits according to the manufacturer's instructions. Heparinized test plasma was diluted 1/200 for the MRP8/14 kit, and 1/5 for the MRP14 kit in assay buffer, and 100 l of each dilution was applied to a 96-well plate in duplicate. The absorbance was read at 450 nm in a microplate reader, and the protein concentration was calculated using Microplate Manager III software (Bio-Rad).
Statistical analysis
For GeneChip microarray data, the two-tailed paired t test was performed using normalized AD values with GeneSpring software version 6.1 (Silicon Genetics). For real-time RT-PCR, flow cytometry, and ELISA data, the two-tailed paired t test was used to compare patients' samples obtained before vs after IVIG therapy, and one-factor ANOVA and the Scheffé F test as a post-hoc test were used to compare pre-IVIG patients with KD and control patients. Correlations between S100A8/A9 and S100A9 plasma levels and the laboratory data were assessed using Spearman's rank test after cell counts had been logarithmically transformed. A value of p Ͻ 0.05 was considered statistically significant.
Results
Gene expression changes in PBMC after IVIG treatment
We first examined the gene expression profiles of PBMC obtained from four KD patients before and after IVIG therapy. The demographic and laboratory data of patients at the time of blood drawing are summarized in Tables I and II . By using the Human Genome U133A probe array, which contains the oligonucleotide probe set for 22,283 transcripts, 509 transcripts were found to have significantly changed expression levels after IVIG therapy ( p ϭ 0.05). Among them, four genes showed expression to be more than double the pre-IVIG levels, and 85 genes showed expression to be less than half the pre-IVIG levels after IVIG therapy (Fig. 1A) . In total, 75 differentially expressed genes were classified according to their cellular functions (Table III) . Fourteen genes were excluded from Table II because their functions are currently unknown. Remarkably, most of the differentially expressed genes were downregulated after IVIG. Among these down-regulated genes, cell surface receptors formed the largest functional group, most of which were mainly expressed in monocytes and macrophages. For example, FCGR1A, FCGR2A, FCGR3A, and formyl peptide receptor 1 are receptors that function in phagocytosis and transduce stimulatory signals to monocytes. The receptors of chemokines and growth factors for monocytes and macrophages, such as the CSF-1 receptor, the CSF-2 receptor, and CCR2, were also downregulated after IVIG therapy. Among the down-regulated genes of secreted proteins, there was a preponderance of monocyte-derived molecules, such as ADM, S100A8, S100A9, S100A12, and endothelial cell growth factor 1. Based on these findings, we decided to determine whether the down-regulation of monocyte-related gene expressions was due to a decreased number of monocytes among PBMC from patients or to decreased mRNA synthesis in individual monocyte after IVIG. As an approach to this question, we examined gene expression profiles in the monocyte fraction purified from patients' PBMC.
Gene expression analysis in monocyte-enriched fraction of PBMC
Because of the limited sample volumes obtained from patients and the necessity of avoiding activation of monocytes during the purification procedure, we used a RosetteSep monocyte enrichment system to negatively select monocytes. After enrichment, we determined the percentages of T, B, and NK cells by flow cytometry. In the monocyte-enriched fraction, each cell population was reduced to Ͻ1.0% of the total cell yield.
After analyzing gene expression profiles of monocyte-enriched fractions obtained from four additional KD patients (Tables I and  II) using the Human Genome U133A probe array, 1274 transcripts were found to be differentially expressed after IVIG therapy ( p ϭ 0.05). Of these transcripts, 67 genes showed more than a doubling of expression compared with pre-IVIG levels, and 131 genes showed a decrease in expression to less than half the pre-IVIG levels after IVIG treatment (Fig. 1A and supplemental table I 4 ). A total of 18 genes showed consistently decreased transcripts after IVIG therapy in both PBMC and purified monocytes, suggesting that the decreases in these gene transcripts are not attributable to a reduced number of monocytes in PBMC after IVIG. A dendrogram of the expression profiles of these 18 genes is presented in Fig. 1B together with their mean AD values calculated from four pairs of monocyte array results.
To confirm the GeneChip results and prove that these downregulated genes were expressed mainly by monocytes in acute KD patients, we performed a real-time RT-PCR using negatively selected blood monocytes and T cells obtained from patients. We examined transcripts of six genes, FCGR1A, FCGR3A, CCR2, ADM, S100A9, and S100A12, as representatives of 18 genes commonly decreased in both PBMC and monocytes. The protein products of these genes were expected to have definite functions in the inflammatory process in patients, and their expression profiles in monocytes from the four patients differed slightly, as illustrated in Fig. 1B . In addition, the transcripts of IL-6, IL-8, IL-10, and TNF-␣ were examined, because the array results did not indicate significant differences in their expression levels before vs after IVIG, although many reports have indicated that these inflammatory cytokines were overproduced in sera of acute KD patients (23) (24) (25) (26) (27) . The S100A8 transcript was also examined, because this protein forms a heterocomplex with S100A9, which plays a role in the adhesion and chemotaxis of neutrophils and monocytes in the 4 The online version of this article contains supplemental material. inflammatory response (28) . Fig. 2 summarizes the real-time RT-PCR results of purified monocytes and T cells obtained from patients before and after IVIG. The transcripts of six genes that were downregulated in GeneChip analysis, in addition to S100A8 and IL-10, were significantly decreased after IVIG therapy. The transcripts of IL-6, IL-8, and TNF-␣ were not significantly changed by IVIG. More importantly, the real-time RT-PCR confirmed that all six transcripts examined were expressed mainly in monocytes, and the contribution of T cells was much smaller than that of monocytes. Only TNF-␣ and IL-10 were expressed at compatible levels in monocytes and T cells. 
Down-regulation of Fc␥R1 and Fc␥RIII after IVIG therapy
One proposed mechanism of the effect of IVIG therapy is a blockade of Fc␥Rs on phagocytes. In this scenario, the bound IgG prevents immune complexes from being phagocytosed and from delivering an activating signal to the target cells. In a mouse model of ITP, another mechanism has been proposed that involves induction of inhibitory Fc␥RIIb by IVIG (29) . However, the effect of IVIG on Fc␥R expression levels in KD has not been fully elucidated. Because both GeneChip results and the real-time PCR data suggested down-regulation of the activating FCGR1A and FCGR3A, we examined the surface expressions of these receptors on CD14
ϩ monocytes from KD patients before and after IVIG treatment.
As shown in Fig. 3 , Fc␥RI expression in KD patients (n ϭ 12) was elevated before IVIG therapy compared with that in febrile controls (mean fluorescent intensity (MFI), 25.8 Ϯ 3.2 vs 13.9 Ϯ 1.2; p ϭ 0.005) and decreased after IVIG treatment (MFI, 25.8 Ϯ 3.2 vs 17.5 Ϯ 1.6; p ϭ 0.04). Fc␥RIII expression (n ϭ 6) was also down-regulated by IVIG treatment (% positive, 20.5 Ϯ 3.5 vs 10.7 Ϯ 1.9%; p ϭ 0.04), but there was no significant difference in Fc␥RIII expression levels between pre-IVIG KD patients and controls (% positive, 20.5 Ϯ 3.5 vs 19.0 Ϯ 4.4%; p ϭ 0.79). Fc␥RII expression on monocytes (n ϭ 12) was not significantly changed before vs after IVIG therapy (MFI, 42.3 Ϯ 3.7 vs 38.4 Ϯ 3.7; p ϭ 0.50) and was not significantly elevated in KD patients compared with febrile controls (MFI, 42.3 Ϯ 3.7 vs 33.2 Ϯ 3.5; p ϭ 0.12).
Elevated plasma S100A8/A9 heterocomplex levels in pre-IVIG KD patients
Among the 18 genes significantly decreased after IVIG therapy in both PBMC and monocytes, a member of the S100 protein family, S100A9, was of particular interest, because this protein as well as its partner protein, S100A8, are predominantly expressed in neutrophils and monocytes and are excreted into the circulation under inflammatory conditions. In plasma, the S100A8/A9 heterocomplex is the main form of the two proteins and has been shown to enhance monocyte adhesion to endothelial cells and to cause neutrophil chemotaxis. Therefore, we measured plasma levels of the S100A8/A9 heterocomplex as well as the S100A9 homocomplex in KD patients before and after IVIG therapy.
As shown in Fig. 4 , plasma S100A8/A9 heterocomplex levels were significantly higher in pre-IVIG (n ϭ 32) than in post-IVIG patients and febrile controls (25.3 Ϯ 1.5 vs 18.4 Ϯ 1.7 mg/ml ( p ϭ 0.001) vs 10.7 Ϯ 1.0 g/ml ( p Ͻ 0.0001), respectively). In contrast, plasma S100A9 homocomplex levels were significantly lower in pre-IVIG (n ϭ 31) than in post-IVIG patients (12.8 Ϯ 2.6 
FIGURE 3. Expressions of Fc␥Rs on CD14
ϩ monocytes from KD patients and febrile controls. Paired blood samples obtained before and after IVIG therapy from KD patients were double-stained with mAbs against CD14 and CD64 (n ϭ 12), CD32 (n ϭ 12), or CD16 (n ϭ 6), respectively, and analyzed by flow cytometry. The results were expressed as MFI for CD64 and CD32 or as the percentage of cells positive for CD16 among CD14 ϩ monocytes. The bar indicates the mean Ϯ SEM in each group. ‫,ء‬ p Ͻ 0.05 (compared with post-IVIG patients); ‫,ءء‬ p Ͻ 0.01 (compared with febrile controls). vs 20.6 Ϯ 2.8 ng/ml; p Ͻ 0.0001), but were not significantly different from those in febrile controls (vs 12.5 Ϯ 5.8 ng/ml). Moreover, the decrease in the S100A8/A9 heterocomplex after IVIG was absent in four of six patients who had cardiac involvement during the acute phase of the disease ( p ϭ 0.02, by 2 test with Yates' correction). Correlation analysis showed S100A8/A9 levels in post-IVIG patients to correlate significantly with the monocyte counts, neutrophil counts, and CRP levels of post-IVIG patients (Table IV) .
Discussion
The aim of this study was to clarify the molecular events following administration of high dose Ig to KD patients. We were especially interested in which cell population in the peripheral circulation was more affected by IVIG therapy with regard to the transcript profile. For this purpose, we first examined gene expression in PBMC obtained from KD patients before IVIG therapy and just after the therapy, when acute symptoms had resolved in most of the patients. The results suggested that IVIG acts in a broad functional range in PBMC, favoring down-regulation. Among the 89 genes whose expressions were more than doubled or reduced to no more than half the pre-IVIG level, 96% (85 genes) were downregulated. This is consistent with the suppressive effects of IVIG observed clinically in acute patients whose body temperatures as well as other laboratory markers of inflammation dropped rapidly in response to therapy. More interestingly, by functional classification, as many as 17 down-regulated genes (19.1%) were cell surface receptor molecules, 16 of which were expressed mainly in monocytes and macrophages. The predominance of monocyte-derived transcripts was also recognized in other functional categories, such as secreted peptides (ADM, S100A8, S100A9, S100A12, endothelial cell growth factor 1, and TNF super family 13) and metabolic enzymes (hexokinase 3, cytochrome P450 family 1, subfamily B, polypeptide 1, histidine ammonia-lyase, alanyl aminopeptidase, and neutrophil cytosolic factor 2). Although we did not examine neutrophil mRNA in this study, our findings clearly indicate that IVIG acts, at least in part, by suppressing activated monocytes and macrophages in KD patients.
The oligonucleotide array analysis of the purified monocyte fraction from KD patients confirmed the results obtained by PBMC. By analyzing gene expression profiles of purified monocytes, the number of transcripts differentially expressed pre-IVIG vs post-IVIG was doubled compared with the expression in PBMC. In this assay IVIG not only down-regulated the expression of 131 genes, but also up-regulated 67 genes in patients (Fig. 1A and Supplementary Table I ). The increased number of down-regulated genes in addition to the newly identified up-regulated genes might indicate increased sensitivity of the microarray assay, attributable to using a more homogeneous cell population than PBMC. Among the down-regulated transcripts newly identified by this method, the cell surface receptor molecules again formed the largest functional family. These include receptors important in the initiation of innate immune responses (TLR1 and TLR4), receptors functioning in phagocytosis and Ag presentation (asialoglycoprotein receptor 2, complement 3b/4b receptor 1, and stabilin 1), and receptors involved in cell adhesion (platelet/endothelial cell adhesion molecule, selectin P ligand, and bone marrow stromal cell Ag 1). In addition to these surface receptors, the transcripts of some secreted proteins that work as pattern recognition molecules and enhance phagocytosis by macrophages (complement component 1q ␣ and ␤, and ficolin 1) were newly recognized as being decreased after IVIG therapy. These results suggest that IVIG exerts a broad range of effects, suppressing monocyte and macrophage functions. Although down-regulation of inflammatory cytokines such as TNF-␣ and IL-6 after IVIG therapy has been reported by others (14 -16), we found no significant differences in these cytokine transcripts between pre-and post-IVIG patients in this study. The translation of many inflammatory cytokines has been demonstrated to be regulated by factors that control mRNA stability (30, 31) . Therefore, IVIG may affect the monocyte production of these cytokines by destabilizing their mRNA. Alternatively, IVIG may affect the production of these cytokines differently in PBMC and other cells, such as vascular endothelial cells and hepatocytes. In this respect, it would be important to determine whether IVIG affects the production of these cytokines by other cell types and whether suppression of monocyte function by IVIG, as observed in this study, is due to reductions of these inflammatory signals outside PBMC. Eighteen genes were down-regulated by IVIG in both PBMC and monocyte array experiments. Because only a limited number of patients were available for the microarray analysis, we performed real-time PCR to examine six of these 18 transcripts and confirmed the microarray results. Of these genes, plasma levels of ADM and S100A12 have been reported to be elevated in KD patients (32) (33) (34) . Nomura et al. (32) demonstrated, using oligonucleotide microarray analysis, that ADM and S100A12 mRNA are highly expressed in acute KD patients, and Nishida et al. (33) showed plasma ADM levels to be higher in patients who subsequently developed coronary aneurysms than in patients who did not (33) . Foell et al. (34) reported the plasma S100A12 level to be high in pre-IVIG patients and to decrease quickly after IVIG therapy. MCP-1, a ligand of CCR2, was also known to be highly expressed in acute KD patients, especially in cardiac tissue (14) . Thus, the down-regulation of CCR2 in monocytes after IVIG therapy as well as ADM and S100A12 may be beneficial for patients by reducing the accumulation of monocytes at the inflammatory sites and preventing coronary aneurysms. Besides these genes, we focused on down-regulation of the activating FCGR genes and the S100A9 gene in response to IVIG therapy. The interaction of IVIG with Fc␥Rs on monocytes/macrophages has been proposed as a mechanism underlying the therapeutic effect of IVIG in several autoimmune diseases, such as ITP and autoantibody-induced arthritis in mice (29, 35) . In these diseases, IVIG induces low affinity inhibitory Fc␥RIIb on a certain population of monocytes and counteracts the consumption of platelets or the inflammatory response, respectively, elicited by the interaction between immune complexes and the low affinity activating Fc␥RIIIa. In our study the transcripts of activating FCGR1A, FCGR2A, and FCGR3A genes were reduced, and the expressions of Fc␥RI and Fc␥RIII on CD14 ϩ monocytes were down-regulated after IVIG in KD patients. Although we could not determine whether the expression of activating Fc␥RIIa and the inhibitory Fc␥RIIb changed independently, the staining intensity for CD32 was unchanged after IVIG in our patients, and FCGR2B transcripts were not increased after IVIG in the array experiment. Nevertheless, IVIG may act by modulating the ratio of activation to inhibitory Fc␥R expression on monocytes so as to raise the threshold for monocyte excitation in KD. Reports have been accumulating that suggest dysregulation of such a balance between activation and inhibitory Fc␥R expression to possibly contribute to autoimmune disease pathogenesis (36 -39) . In addition, several autoantibodies have been implicated in the acute phase of KD (39, 40) . The association of the down-regulation of these activating Fc␥Rs with the therapeutic effect of IVIG in KD might suggest a new venue for research into the pathogenesis of this disease. S100 calcium-binding proteins A8 and A9 are expressed by peripheral blood monocytes and neutrophils, and the production of these proteins is up-regulated by LPS, IFN-␥, IL-1, and TNF-␣ (41-43). Increased serum levels have been demonstrated in many inflammatory diseases, such as rheumatoid arthritis, cystic fibrosis, Crohn's disease, and infection (44 -47) . The two proteins form noncovalent homodimers and a heterocomplex (S100A8/A9) in a calcium-dependent manner (48) . Recently, all these monomers and dimers have been recognized to induce neutrophil and monocyte chemotaxis and adhesion in a mouse air pouch model of inflammation (28) . S100A9 and S100A8/A9 also enhance monocyte adhesion to vascular endothelial cells (49, 50) . In our study, plasma S100A8/A9, but not S100A9, levels were elevated in acute KD patients compared with febrile controls and were rapidly downregulated after IVIG therapy. In post-IVIG patients, S100A8/A9 levels correlated closely with the plasma CRP levels and neutrophil and monocyte counts. Persistent elevation of plasma S100A8/A9 levels after IVIG was related to a higher risk of developing coronary aneurysms in KD patients. These findings suggest that the failure of IVIG to suppress S100A8/A9 expression in monocytes and other cell populations might result in the continued recruitment and stimulation of neutrophils and monocytes at the inflammatory sites. Alternatively, the persistent production of S100A8/A9 might be a secondary phenomenon caused by prolonged survival of activated monocytes and neutrophils. We favor the former explanation, because our findings add to the accumulating evidence of direct effects of S100A8/A9 on both monocytes and endothelial cells (50 -53) . Eue et al. (50, 53) reported that S100A8/A9 was secreted by activated monocytes and that protein production was enhanced by the cell-cell interaction of monocytes with activated endothelial cells. They also reported that S100A8/A9 and S100A9 bound to resting monocytes and TNF-␣-activated microvascular endothelial cells in a dose-dependent and saturable manner and enhanced CD11b expression on monocytes. It is important to clarify the role of the S100A8/A9 heterocomplex in KD pathogenesis, especially in relation to the interaction between activated monocytes/neutrophils and vascular endothelial cells.
In conclusion, the results of this study suggest that IVIG therapy in KD patients suppresses activated peripheral blood monocytes and macrophages by down-regulating various functional genes. Among these genes, we focused on two pathways that IVIG may use to suppress inflammation in KD patients. One is homeostatic control of the expression of activating vs inhibitory Fc␥Rs on monocytes. The other is suppression of S100A8/A9 heterocomplex production in patients. It is important to further elucidate the precise molecular mechanisms of IVIG in these two pathways to monitor the effectiveness of IVIG in patients and to develop a new molecular target for treating KD patients.
